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1. Introduction

It has been agreed in RAN1 #60bis [1] to evaluate the gain of enhanced double-codebook feedback over Rel.8 feedback for MU-MIMO with 4TX. Here we summarize our SLS results for a “W1W2” type double-codebook in the PUCCH feedback channel.

We evaluate two double-codebook methods:

1. RCB: Codebook adaptation with feeding back of the covariance matrix. The method and simulation methodology is described in [2].

2. SCR: Codebook adaptation by estimating the covariance from past PMI’s, without feeding back of the covariance matrix. The method and simulation methodology is described in [3].

2. Evaluation Assumptions
Our simulation assumptions conform to [1]:
· 3GPP Case 1 (SCM UMA, 8 and 15 degrees angular spread).

· 10 UEs per cell with full-buffer traffic 

· 2 co-scheduled layers per RB 

· 1 layer per UE 

· Uniform distribution of UE within a cell
· MU Scheduler / Transmitter:

· Proportional-fair

· Zero-forcing

· Pairing with Chordal-distance > 1.8

· Feedback channel: PUCCH mode 1-1 (WB CQI, WB-PMI)

· 8-bits for rank1, 11-bits rank2

· Period: 5ms

· R-feedback every 100 ms

· Transmission errors: 5% PMI error, R error according to bit-load=5. See the methodology for modeling PUCCH errors in [2].
· Channel estimation errors

· Demodulation: 1dB backoff to account for DMRS channel errors 
· CSI-feedback: LLS-based Channel-estimation random noise added to the measured channel.
· More simulation assumptions are listed in the appendix.
3. SLS Results (PUCCH)
Simulation results are provided for MU-MIMO with 4x2 XPOL and ULA, closely-spaced (0.5λ) antenna configurations, for 3GPP Case 1 low and high channel angular spread. We consider both MMSE and MRC receivers. 
	4x2 ULA, MU 1+1
WB PMI/CQI

SCM
	MMSE

8 deg
Avg/5%
	MMSE

15 deg 

Avg/5%
	MRC

8 deg
Avg/5%
	MRC

15 deg
Avg/5%

	CB
	2.93/0.123
	2.67/0.107
	2.38/0.096
	2.01/0.081

	CB 5% PMI Error

With CSI errors
	2.78/0.112

2.76
	2.54/0.100
	2.25/0.091
	1.92/0.075

	R-CB 5 bits
	3.15/0.133
	2.80/0.112
	2.57/0.102
	2.11/0.082

	R-CB 5 bits, 5% PMI error

With CSI errors
	3.11/0.130
3.08
	2.76/0.111
	2.53/0.101
	2.08/0.082

	SCR
	3.12/0.133
	2.77/0.112
	2.59/0.102
	2.14/0.086

	SCR 5 % PMI error
With CSI errors
	2.92/0.123
2.89
	2.63/0.107
	2.40/0.098
	2.02/0.081


	4x2, XPOL, MU 1+1
WB PMI/CQI

SCM
	MMSE

8 deg

Avg/5%
	MMSE

15 deg

Avg/5%
	MRC

8 deg

Avg/5%
	MRC

15 deg

Avg/5%

	CB
	2.23/0.084
	2.13/0.078
	1.54/0.063
	1.45/0.059

	CB 5% PMI Error

With CSI errors
	2.16/0.08
2.15
	2.06/0.075
	1.50/0.060
	1.42/0.057

	R-CB 5 bits
	2.38/0.090
	2.23/0.084
	1.70/0.069
	1.57/0.065

	R-CB 5 bits, 5% PMI error

With CSI errors
	2.32/0.087
2.30
	2.17/0.08
	1.65/0.067
	1.54/0.063

	SCR
	2.40/0.091
	2.24/0.085
	1.74/0.072
	1.60/0.065

	SCR 5 % PMI error
With CSI errors
	2.28/0.087
2.25
	2.14/0.081
	1.64/0.067
	1.52/0.062


4. Conclusions
Codebook adaptation based on covariance is an effective technique to improve CSI accuracy for periodic feedback (PUCCH), either with (RCB) or without (SCR) feeding back the covariance. 

The gains in the average spectral efficiency over Rel-8 feedback are up to 12% for ULA and 8% for XPOL. 

These gains hold either with or without PUCCH errors and CSI errors.
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6. Appendix: Simulation Assumptions
	Parameter
	Assumption

	Antenna Configuration
	4 Tx eNB 0. 5 lambda, ULA and XPOL (45 deg slanted)
2-Rx UE 0.5 lambda, ULA and XPOL

	Channel Model
	3GPP case1,  3D , SCM-UMa with low and high angle spreads

	Traffic Model
	Full Buffer

	Duplex method 
	FDD 10MHz

	Cellular Layout 
	Hexagonal grid, 19 cell sites, 3 sectors per site with wraparound

	Number of users 
	10 (on average)

	UE Feedback
	PMI/CQI 

	Feedback Granularity
	1 CQI/PMI report for 5 PRBs,  wideband covariance report for R-CB (codebook adaptation based on explicit R)

	Feedback Impairments
	Reporting period: 5 ms for PMI/CQI.   
                        1000ms for R-CB 
Delay: 5 ms

	8TX Codebook
	4Tx 4-bit Householder codebook

	Scheduler Type
	Proportional fair

	MU-MIMO Precoder
	Zeroforcing

	MU-MIMO UE Pairing
	Chordal distance of 1.8 

	Rank-adaptation
	1-layer beamforming per UE, 2 UEs in MU-MIMO

	HARQ Scheme
	Chase Combining 

	Maximum number of retransmissions
	3

	OLLA
	On with Target BLER=20% and warm-up time=1s

	Inter-cell interference modelling
	4 strongest interfering cells are explicitly modelled.

	Receiver Configuration
	Ideal MMSE  (Perfect intercell and intracell interference knowledge)
MRC (No intercell and intracell interference knowledge)

	Overhead
	30.3 % (Agreed overhead assumption for performance evaluation for ITU submission (LTEA MIMO/CoMP, L=3 control symbols))

	SCR parameter 
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	0.98
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